A study on 315 patients undergoing transplantation with CD34 ؉ selected blood cells from HLA-identical siblings was performed to determine risk factors for acute GVHD (aGVHD). Recipients of a dose of CD34 ؉ cells (؋ 10 6 /kg) of 2 or less, more than 2 to 4, and more than 4 had a cumulative incidence of aGVHD grades I-IV of 21%, 35%, and 43%, respectively (log-rank P ‫؍‬ .01); similarly, recipients of a dose of CD3 ؉ cells (؋ 10 6 /kg) of 0.05 or less, more than 0.05 to 0.1, and more than 0.1 had a cumulative incidence of aGVHD grades I-IV of 18%, 35%, and 44%, respectively (log-rank P ‫؍‬ .007). Using a Cox regression model, 4 independent factors for aGVHD I-IV were identified: increased CD34 ؉ cell dose (P ‫؍‬ .02), increased CD3 ؉ cell dose (P ‫؍‬ .02), female patients (P ‫؍‬ .01), and higher patient age (> 42 
Introduction
Acute graft-versus-host disease (aGVHD) is a major cause of morbidity and mortality after allogeneic stem cell transplantation. 1, 2 Although widely accepted risk factors for aGVHD have been identified in patients receiving unmodified grafts, [3] [4] [5] [6] these parameters may not have the same predictive value in patients receiving a graft in which donor T cells, the major determinant of GVHD, have been depleted. The isolation of risk factors for aGVHD in T-cell-depleted transplantations could be useful to identify individual patients at a high probability of developing this complication. The present study was directed at identifying factors predictive of aGVHD in 315 adult patients receiving an HLAidentical sibling transplantation of granulocyte colony-stimulating factor-mobilized peripheral blood progenitor cells T-cell depleted by means of CD34 ϩ selection (allo-PBT/CD34 ϩ ). We observed a strong association between the incidence of aGVHD and 2 controllable variables: the number of CD34 ϩ and CD3 ϩ cells infused.
Study design
This study included 315 consecutive adult patients with hematologic malignancies treated with an allo-PBT/CD34 ϩ from an HLA-identical sibling donor between March 1995 and December 2000. Granulocyte colony-stimulating factor administration and leukapheresis procedures have been previously described. 7 This study was approved by local ethic committees and by the Spanish Department of Health. Informed consent was provided according to the Declaration of Helsinki. Patient and donor characteristics are shown in Table 1 . CD34 ϩ cells and CD3 ϩ cells were quantified as previously published. 7 There was no correlation between CD34 ϩ and CD3 ϩ cell dose (Pearson correlation coefficient Ϫ0.04; P ϭ .47). Phase of disease, time to engraftment, diagnosis of graft failure, and transplantation-related mortality (TRM) have been previously defined. 8 The diagnosis and grading of aGVHD was established according to the Seattle criteria. 9 Probabilities of aGVHD were calculated by the cumulative incidence method (marginal probability) and statistically compared by Gray method. 10, 11 In this study, graft failure or relapse, without aGVHD, were considered competing risks. Characteristics considered for the analysis are described in Table 2 . Three groups of CD34 ϩ and CD3 ϩ cells were established (CD34 ϩ cells [ϫ 10 6 /kg]: Յ 2, Ͼ 2 to 4, Ͼ 4; CD3 ϩ cells [ϫ 10 6 /kg]: Յ 0.05, Ͼ 0.05 to 0.1, Ͼ 0.1) based on results showing that these cell doses influenced outcome in T-cell-depleted transplantations. [12] [13] [14] [15] [16] [17] All prognostic variables in the cumulative incidence study with P Յ .2 were included in the stepwise proportional hazard Cox regression model (SPSS 9.0.1;1999). 16 The proportional hazard assumption was rejected for the covariate irradiation, which was included in the Cox model as a stratum.
Results and discussion
The cumulative incidence for aGVHD grades I-IV was 36% (95% confidence interval [CI], 34%-38%) and for aGVHD grades II-IV was 16% (95% CI, 12%-20%). Acute GVHD grades I and II were associated with a similar TRM at 3 years (32% vs 34%, respectively; log-rank P ϭ .7). Therefore, characteristics of donors and patients were analyzed on the incidence of aGVHD I-IV grades. Using a Cox regression model, 4 independent factors for aGVHD grades I-IV were identified: increased CD34 ϩ cell dose (P ϭ .02), increased CD3 ϩ cell dose (P ϭ .02), female patients (P ϭ .01), and higher patient age (Ͼ 42 years) (P ϭ .007) ( Table 3) . A multivariate analysis was also performed in the group of patients with grades II-IV aGVHD. The same risk factors were found, although with an inferior statistical significance: higher patient age (Ͼ 42 years) (P ϭ .02), female patients (P ϭ .02), increased CD3 ϩ cell dose (P ϭ .04), and increased CD34 ϩ cell dose (P ϭ .1). Although the sex-mismatch combination most frequently associated with aGVHD in unmodified transplantations is male recipients from a female donor, 6, 17, 18 this finding has not been identified in either this or in other T-cell-depleted series.
The rate of aGVHD grades I-IV increased with increasing doses of CD34 ϩ cells (ϫ 10 6 /kg): Recipients of 2 or fewer, more than 2 to 4, and more than 4 had a cumulative incidence of 21%, 35%, and 43%, respectively (log-rank P ϭ .01) ( Figure 1A ) (Table 3) . Similarly, an association of aGVHD grades I-IV with increasing numbers of CD3 ϩ cells was observed: infusion of CD3 ϩ cells (ϫ 10 6 /kg) of 0.05 or fewer, more than 0.05 to 0.1, and more than 0.1 was associated with a cumulative incidence of aGVHD grades I-IV of 18%, 35%, and 44%, respectively (log-rank P ϭ .007) ( Figure 1B) (Table 3 ). The aGVHD rate remained fairly stable when further analyzed in subgroups of patients receiving numbers of CD34 ϩ and CD3 ϩ cells above 4 ϫ 10 6 /kg and 0.1 ϫ 10 6 /kg, respectively. The cell doses required to initiate GVHD might differ depending on whether or not GVHD posttransplantation prophylaxis is administered. A comparison of graft failure, relapse, TRM, and overall survival as a function of the CD34 ϩ and CD3 ϩ groups is presented in Table 4 .
Przepiorka et al, 19 in a series of unmanipulated transplantations, have suggested an increased rate of aGVHD in patients receiving more than 8 ϫ 10 6 /kg CD34 ϩ cells. This was attributed to a rapidly expanding myeloid cell population, which could have released cytokines that exacerbate GVHD. In the current study there was a correlation between the number of CD34 ϩ cells and early engraftment, but the speed of the engraftment did not influence aGVHD rate. This would suggest that the effect of CD34 ϩ on the incidence of aGVHD might be due to a direct participation of these cells in allogeneic reactions 20, 21 rather than by accelerating the engraftment. The association of high numbers of CD34 ϩ cells with aGVHD would explain our recent data, which showed that the administration of a quantity of AML indicates acute myeloblastic leukemia; ALL, acute lymphoblastic leukemia; MDS, myelodysplastic syndrome; CML, chronic myeloid leukemia; CP, chronic phase; NHL, non-Hodgkin lymphoma; CLL, chronic lymphocytic leukemia; MM, multiple myeloma; D, donor; R, recipient; NA, not available; TBI, total body irradiation; Bu, busulfan; CsA, cyclosporine A; PDN, prednisone; and MTX, methotrexate. D indicates donor; R, recipient; CMV, cytomegalovirus; TBI, total body irradiation; Bu, busulfan; CsA, cyclosporine A; PDN, prednisone; MTX, methotrexate; N, neutrophils; and P, platelets. 8 with a similar trend being observed in the present series ( Table 4 ). The optimal quantity of CD34 ϩ cells for recipients of an allo-PBT/CD34 ϩ from HLA-identical siblings might therefore be in the range of 1 ϫ 10 6 /kg to 3 ϫ 10 6 /kg.
GVHD AFTER T-CELL-DEPLETED ALLOGRAFT: RISK FACTORS
In human beings, a T-cell dose more than 10 6 /kg of recipient weight has been associated with increased GVHD rate. [22] [23] [24] [25] The data herein presented not only confirm the relationship between CD3 ϩ cell dose and aGVHD but also show that the quantity of T cells increasing aGVHD rate is lower than previously reported ( Figure 1B) . [22] [23] [24] [25] Kernan et al 13 estimated that a number of 0.1 ϫ 10 6 /kg T cells was necessary to initiate clinically detectable aGVHD in an HLA-identical host. The present study supports the importance of this threshold on the incidence of aGVHD and also shows that infusion of fewer than 0.1 ϫ 10 6 /kg CD3 ϩ cells does not totally prevent severe GVHD: of 143 patients receiving this quantity of CD3 ϩ cells, 11 developed aGVHD grades II-IV and 4 of them died due to this complication, despite the use of posttransplantation cyclosporine.
In this series, the rate of aGVHD for recipients of a quantity of CD3 ϩ cells inferior to 0.1 ϫ 10 6 /kg was low but was associated with a high incidence of graft failure (Table 4) , confirming previous results from our group. 16 This observation supports the concept that both complications behave as "mirror images" and suggests that there is no standard quantity of T cells low enough to totally prevent severe GVHD while high enough to totally avoid graft failure. A T-cell dose to attenuate both complications might be in the range of 0.1 ϫ 10 6 /kg to 0.3 ϫ 10 6 /kg, followed by posttransplantation immunosuppression.
These results could be used for graft engineering in allo-PBT/ CD34 ϩ . The number of CD34 ϩ and CD3 ϩ cells associated with aGVHD might be different for recipients of a bone marrow inoculum. a indicates 2 degrees of freedom; P12, probability of testing (1) ϭ (2); and P13, probability of testing (1) ϭ (3). 
